Summary. The value and reproducibility of the chlorpropamide-alcohol flush (CPAF) have been questioned, and objective measures of the test are required. Recording of facial skin temperature, measurement of chlorpropamide, ethanol and acetaldehyde concentrations have been proposed for this purpose. The present study was designed to evaluate the relative contributions of these variables in determining CPAF. Twenty-one Type 2 (non-insulin-dependent) diabetic patients (11 CPAF-positive and 10 CPAF-negative according to previous tests with standard amounts of alcohol and chlorpropamide) were investigated in a random fashion with either chlorpropamide or placebo given on three subsequent evenings before a two-step alcohol challenge with increasing body-weightmatched amounts of alcohol. Higher rises in facial skin temperature and heart rate, higher flush-score and higher acetaldehyde levels resulted from chlorpropamide therapy than followed placebo. After smaller alcohol challenges (with chlorpropamide pretreatment) there were positive intercorrelations between flush-score, rise in facial skin temperature, and plasma concentrations of chlorpropamide and blood acetaldehyde. The increased alcohol dose abolished most of these correlations and a minimum temperature rise of 1.8 ~ appeared in all but two subjects regardless of previous CPAF classification. During the current experimental conditions, the previously-classified CPAF-positive and CPAF-negative patients did not differ with respect to flush-score, rise in skin temperature, heart rate, blood acetaldehyde or ethanol concentrations, whereas they differed with respect to chlorpropamide concentrations. The present results support the view that CPAF is associated with elevated blood acetaldehyde levels due to inhibition of aldehyde dehydrogenase by chlorpropamide. Thus both alcohol and chlorpropamide concentrations are critical in determining the CPAF. Furthermore, body weight matching in applying the CPAF test is essential.
Facial flushing after alcohol occurs frequently in Type 2 (non-insulin-dependent) diabetic patients taking chlorpropamide (CP) [1] . It has been suggested that the chlorpropamide-alcohol flush (CPAF) acts as a genetic marker for a special subtype of Type 2 diabetes, characterized by a high frequency of diabetes in the family and relative freedom from diabetic complications [2] [3] [4] [5] .
However, the reproducibility of the test has been questioned [6] and objective measurements for the recording of the flush have been sought [7] . Since flushing is associated with an increase in facial skin temperature, the recording of cheek temperature has been considered as an objective measurement of the flush. Most investigators have defined a temperature increase of 1 ~ or more as a flush [2, 6] . This criterion is, however, not universal, since patients can flush without a rise in skin temperature and may have a rise in skin temperature without a visible flush reaction [6] .
The mechanism which produces the flush is poorly understood. Some authors have reported higher blood acetaldehyde concentrations in CPAF-positive than in CPAF-negative patients [8, 9] . It has been suggested that CP acts as a non-competitive inhibitor of aldehyde dehydrogenase resulting in increased acetaldehyde concentrations [10] . The dose of chlorpropamide required for producing the flush is uncertain. Although Jerntorp et al. [8] reported higher serum concentrations of CP in CPAF-positive than in CPAF-negative patients, this was contradicted by Barnett et al. [1] , who did, however, agree that CP maintenance therapy resulted in higher levels and a higher prevalence of CPAF in investigated subjects. If CPAF is caused by elevated acetaldehyde levels as a result of inhibited aldehyde dehydrogenase, changes in ethanol levels could also influence the flush. The dependence of the flush on alcohol dose has, however, been challenged [11] . The present investigation was designed to study the influence of pharmacokinetics of alcohol and CP on CPAF in Type 2 diabetes.
Materials and methods
In the 21 patients studied, Type 2 diabetes had been diagnosed after the age of 40 years. Eleven (three males and eight females) were CPAF-positive and ten (seven males and three females) were CPAFnegative. The patients were informed of the risks of the study before their informed consent to participate was obtained. The study protocol was approved by the Ethical Committee of the Helsinki University Hospital. The CPAF-positive patients had a mean_+SEM age of 56 + 2 years (range 37-64 years), a mean duration of diabetes of 6 + 1 years (range 3-12 years), and a mean relative body weight 117 _+ 5% of ideal body weight (range 100%-135%) (Metropolitan Life Insurance Tables, 1959) . Seven patients were treated with oral anti-diabetic drugs (glibenclamide or glipizide) and four patients with insulin. The CPAF-negative patients had a mean age of 54 + 3 years (range 38-68 years), a mean duration of diabetes of 7 + 1 years (range 2-17 years) and a mean relative body weight 127_+ 3% (range 112-147%). Seven patients were treated with oral anti-diabetic agents (glibenclamide and glipizide) and three with insulin. The insulin-treated patients had previously been treated for at least 2 years with oral anti-diabetic drugs.
The CPAF reaction had been assessed by the method previously described [2] , slightly modified. A rise in facial skin temperature of 1.5 ~ or more was defined as CPAF positivity. The mean rise in facial skin temperature 30rain after the drink was 2.6+0.2~ for CPAFpositive (range 1.5-3.9 ~ and 0.3 + 0.2 ~ for CPAF-negative patients (range 0-1.4 ~
Experimental design
The patients were given in random order either 250 mg chlorpropamide or placebo on three subsequent evenings. The alcohol was given after breakfast, 12 h after the previous tablet. Facial temperature was recorded (by a skin thermometer attached 2 cm below the outer canthus of the left eye) at 5-min intervals from 45 rain before to 75 min after the first alcohol challenge. The heart rate was recorded simultaneously from the radial pulse. Room temperature was kept constant at 20-20 ~ during the test. The first alcohol challenge (Vinum Medicinale, Oy Alko Helsinki, 12% w/v alcohol for hospital use, 1 ml/kg body weight which approximates 0.12 g/kg absolute alcohol) was given at time 0 and the second alcohol challenge (2 ml/kg body weight Vinum Medicinale) 45 min later.
Blood samples for the measurement of acetaldehyde and ethanol concentrations were drawn at 30 and 75 min after the first drink. Blood for the measurement of plasma CP concentrations was drawn 30 min after the first alcohol dose. Two technicians, who were not aware of the randomization protocol, tried to estimate the flush by the use of a flush-score (0 = no flush, 1 = uncertain flush, 2 = certain flush, 3 = strong flush) at 30 and 75 rain after the first alcohol challenge. Two weeks elapsed between the two investigations in each subject.
Blood alcohol and acetaldehyde concentrations were measured by improved whole-blood protein precipitation by perchloric acid and heat space gas chromatography [12] . Plasma chlorpropamide concentrations were measured by high-pressure liquid chromatography [13] .
Statistical analysis
All data are presented as mean _+ SEM. Where appropriate, the difference between and within groups was tested with Student's unpaired and paired t-tests. Correlations were tested with linear regression analysis.
Results

Comparisons between placebo and chlorpropamide
The estimated flush-score, rise in facial skin temperature, heart rate and blood acetaldehyde concentration were higher after CP than after placebo (Table 1 ). All these changes were accentuated after the second alcohol challenge compared with the reactions after the first alcohol challenge. During placebo, the only difference between the first and the second alcohol challenge was that heart rate increased with increased alcohol dose (p<0.05).
The ethanol concentrations did not significantly differ between the placebo and CP periods. Blood acetaldehyde concentrations during placebo were not significantly different from zero.
Correlations between the recorded variables during CP test
After both alcohol doses, the flush-score showed a significant positive correlation with the rise in facial skin temperature (p <0.01), blood acetaldehyde concentrations (p < 0.05) and plasma CP concentration (p < 0.05; Fig.2 ). In addition, the rise in facial skin temperature was positively correlated after the first alcohol dose with acetaldehyde (p<0.05) and CP concentration (p < 0.05). However, after the second alcohol dose, there was no significant correlation between these variables, 
Comparisons between CPAF-positive and CPAF-negative patients
There was no correlation between the temperature rise in the previous test and the temperature response to the larger alcohol and chlorpropamide doses ( Table 2) . Patients previously classified according to the fixed standard amounts of CP and alcohol [2] did not differ in the present experiments with regard to the rise in facial skin temperature (Tables 2 and 3 ). However, the previously classified CPAF-positive and CPAF-negative patients differed with respect to CP concentrations (p < 0.05). By the use of a temperature level of 1.5 ~ to discriminate between CPAF-positive and CPAF-negative patients, the patients were re-divided into two groups after the current experiment (Tables 2 and 3 ). Despite equal alcohol doses per body weight, significant differences in plasma CP and blood acetaldehyde concentrations (p < 0.05) were found between patients typed as CPAFpositive and CPAF-negative in the present experiments (Table 3) .
Discussion
The first step in the elimination of ethanol in the liver is oxidation to acetaldehyde by alcohol dehydrogenase, after which acetaldehyde is metabolized to acetic acid by the enzyme aldehyde dehydrogenase. CP and tolbutamide have been shown to inhibit aldehyde dehydrogenase non-competitively, resulting in increased acetaldehyde levels [10] . The present finding of higher acetaldehyde levels after CP than after placebo supports this view, since alcohol concentrations were similar during both periods. The positive correlation between CP and acetaldehyde concentrations further supports this mechanism. There is, however, uncertainty whether the flush can be explained solely by a rise in acetaldehyde concentrations. Prostaglandin inhibitors have been shown to attenuate the flush in some patients [4, 14] without affecting the increase in blood acetalde- Results expressed as mean+ SEM. ap <0.05, significance of difference between CPAF-positive and CPAF-negative subjects hyde [8] . In addition, there are data suggesting that endogenous opiates such as metenkephalins may be implicated in CPAF [15] either directly or indirectly by interference with the rise in blood acetaldehyde.
The CPAF-positive and CPAF-negative patients had been discriminated by the use of a single:challenge CPAF test. We were, however, unable to show significant differences between the two groups regarding flush-score, rise in facial skin temperature or blood acetaldehyde levels during the current experiments, probably because of correction of the alcohol dose for body weight. The uneven sex distribution within the previously typed CPAF-positive and CPAF-negative groups similarly disappeared. However, no attempts were made to match the CP dose for body weight, which may explain why the previously-classified groups still differed with respect to CP concentrations. It is known that there is a significant correlation between CP dose per body weight and steady-state plasma CP levels, although individual variation is also notable [16] . There is increasing evidence that the CP concentration is critical for the flush [17, 18] . Melander et al. [18] reported a 42% prevalence of CPAF after a single dose of CP, whereas the prevalence rose to 90% during CP mai%fenance therapy. Changing CP concentrations could make CPAF-negative patients CPAF-positive and vice versa.
Previous reports have suggested that CPAF is independent of the alcohol dose although some subjects can flush with alcohol alone [11, 19] . However, the significantly increased flushing rate after the greater alcohol dose emphasizes the critical role of the amount of alcohol given in determining the flush. Since the patients with lower body weight achieve higher blood alcohol concentrations, these patients should be more prone to flush after pretreatment with CR Although these patients in fact may represent alcohol 'flushers', in practice it seems difficult to differentiate between chlorpropamide-alcohol rushers and subjects who flush from alcobol alone. In the face of these findings, body-weightmatching of the alcohol dose is essential for the test.
During the current experimental conditions CPAFpositive and CPAF-negative patients clearly differed with respect to plasma CP and blood acetaldehyde concentrations. The reasons for differences in plasma CP levels are not known, but factors like interindividual variability in body composition or in genetic ability in handling of CP may be involved.
In conclusion, our findings support the view that CPAF is caused by inhibition of the enzyme aldehyde dehydrogenase resulting in increased acetaldehyde levels in blood. The study also presents evidence that pharmacokinetics of CP and alcohol are critical for the flush. Changing of the experimental conditions, and thereby the CP or alcohol concentrations, can modify the reaction to the test.
